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Background: Previous age–period–cohort analyses of lung
cancer incidence and mortality rates in the United States
have demonstrated a decrease in risk by birth cohort
through 1950, consistent with declining trends in smoking
prevalence. This study was conducted to examine recent lung
cancer trends, including trends among the cohorts born after
1950. Methods: Lung cancer mortality rates from 1970
through 1997 for whites aged 24–83 years and for blacks
aged 30–83 years were investigated. Using age–period–
cohort analyses with 2-year age and 2-year calendar-period
intervals, we examined changes in the slope of the trends in
birth-cohort and calendar-period effects. All statistical tests
are two-sided. Results: There was an unexpected, statistically
significant moderation in the rate of decrease of the birth-
cohort trend in lung cancer mortality for whites born after
1950, with a corresponding smaller and statistically nonsig-
nificant moderation for blacks. These data are consistent
with smoking initiation rates: Rates of both cigarette and
marijuana smoking initiation increased for children aged
12–17 years from 1965 through 1977. There was a statisti-
cally significant decrease in the slope of the calendar-period
trend for lung cancer mortality in 1990 for both whites and
blacks that was observed primarily in people 55 years of age
and older. Conclusions and Implications: The birth-cohort
pattern of lung cancer mortality after 1950 appears to reflect
the early impact of teenage cigarette smoking on lung cancer
risk in people under the age of 45 years, although a contri-
bution from marijuana smoking cannot be ruled out. This
result provides additional support for increasing smoking
cessation and prevention programs for teenagers. The cal-
endar-period decrease in lung cancer mortality after 1990
may reflect the long-term benefits of reductions in tobacco
carcinogens in cigarettes and increases in smoking cessation
beginning around 1960. [J Natl Cancer Inst 2001;93:277–83]

It is estimated that 552 200 people will die of cancer in the
United States in 2000 and that 28% (156 900) of these deaths
will be due to lung cancer (1). Cigarette smoking is the primary
risk factor for lung cancer, accounting for about 90% of the
cases in men and 70% of the cases in women (2–4). Smoking
behavior has been shown to vary by birth cohort (5), and lung
cancer rates generally show a pattern of birth-cohort risk con-
sistent with the birth-cohort pattern for smoking prevalence in
the United States (6–9). In particular, lung cancer mortality
peaked in the 1925–1930 birth cohorts among white males and
in the 1935–1940 birth cohorts among white females, and the
trends in cigarette smoking correspond well with the trends for
lung cancer (7).

For men and women born after these cohorts with peak risk,
the birth-cohort risk of lung cancer declined continuously up

until about 1950 (7). The age-adjusted lung cancer mortality rate
has declined among males since 1990 (10) and, while the rate
among females is still increasing, the rate of increase has dimin-
ished considerably (10,11). Thus, overall lung cancer trends are
favorable. However, the lung cancer mortality for birth cohorts
after 1950 has not been evaluated. Smoking trends in teenagers
have not consistently shown the decreases evident in overall
smoking trends (12), and the implications of unfavorable smok-
ing trends in teenagers (13) with regard to trends in lung cancer
risk are unknown.

We present the results of age–period–cohort analyses of lung
cancer mortality data from 1970 through 1997 to evaluate recent
lung cancer trends.

SUBJECTS AND METHODS

The mortality rates are calculated from data collected by the National Center
for Health Statistics (Hyattsville, MD), which receives death certificates from the
states and compiles mortality data by race, sex, age, year, and cause of death. For
the current study, only white and black men and women in the United States who
were reported to have an underlying cause of death from lung/bronchus cancer
during the period from 1970 through 1997 were included. We used the Interna-
tional Classification of Diseases, 9th Revision, to classify codes 162.2–162.9 as
lung and bronchus cancer deaths (14).

To adjust for age, period, and cohort effects simultaneously, age–period–
cohort models were fitted by Poisson regression to the lung cancer mortality data
by use of 2-year age and calendar-period intervals as described previously (15).
For whites, there were 30 age intervals (ranging from 24–25 years of age to
82–83 years of age), 14 calendar-period intervals (ranging from 1970–1971 to
1996–1997), and 43 four-year birth-cohort intervals (ranging from 1886–1889 to
1970–1973). Each birth cohort will be identified in the text by the third year in
the interval. For example, the 1952 birth cohort will refer to people born from
1950 through 1953, and 75% of people in this cohort will have been born in the
middle 2 years, 1951 or 1952. Lung cancer mortality rates for blacks under 30
years of age were unstable because of small numbers of lung cancer deaths. For
blacks, therefore, there were 27 age intervals (ranging from 30–31 to 82–83
years of age), 14 calendar periods (ranging from 1970–1971 to 1996–1997), and
40 birth-cohort intervals (ranging from 1886–1889 to 1964–1967).

Changes in the slope of the long-term trend in birth cohort or calendar-period
effects were examined by use of identifiable parameters defined as differences
between two linear contrasts (16). The coefficients for each linear contrast were
selected to be those defining the first-degree polynomial in the appropriate set of
orthogonal polynomials (16,17). For each identifiable parameter evaluated in this
study, dividing the parameter by the sum of the squared coefficients of each
linear contrast provides an estimate of the change in the slope of the birth-cohort
or calendar-period trend. Each parameter evaluated was selected after examina-
tion of the estimated birth cohort and calendar-period effects, but the same
parameter was applied to all four race/sex groups. Consistency of the estimates
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across these groups suggests that the reported findings are not false-positive
results. A change in the birth-cohort trend usually indicates changes in an etio-
logic factor, resulting in increasing or decreasing risk, e.g., changes in the preva-
lence of smoking. A change in the calendar-period trend can indicate the impact
of newly introduced or improved medical interventions, a change in ascertain-
ment or coding of cause of death, or possibly, in the case of lung cancer,
increased smoking cessation or a change in composition of cigarettes (6,18).
Standard errors of the linear contrasts were adjusted for possible overdispersion
when the deviance for the full age–period–cohort model exceeded the number of
residual degrees of freedom (19). Two-sided P values are reported and are
considered to indicate statistical significance when they are less than .05.

RESULTS

Estimates of the birth-cohort effects by race and sex are
shown in Fig. 1. The curves show an increase in slope around the
year 1950, evidenced by a marked reduction in the rate of de-
crease of the birth-cohort effects. The slope increase was quan-

tified by use of the identifiable parameter centered on 1950
defined by

(5�1960 + 3�1958 + �1956 − �1954 − 3�1952 − 5�1950)
− (5�1950 + 3�1948 + �1946 − �1944 − 3�1942 − 5�1940),

where �h denotes the birth cohort effect for the cohort identified
by the year h. This parameter is the difference between two
linear contrasts, the first contrast characterizing the slope of the
birth-cohort curve from 1950 through 1960 and the second con-
trast characterizing the slope from 1940 through 1950. A posi-
tive value for this parameter denotes an increase in the birth-
cohort slope in 1950, indicating a worsening of the birth-cohort
trend in lung cancer mortality after 1950. The magnitude of the
increase in slope can be estimated by dividing the parameter by
70. The estimate of the change in cohort slope (per year) is 0.037
(P � .0001; 95% confidence interval [CI] � 0.018 to 0.056) for

Fig. 1. Maximum likelihood estimates of birth-cohort effects for age–period–
cohort analyses of lung cancer mortality data for white and black men and
women in the United States. Because of the linear relationship between year of
birth, year of death, and age at death (i.e., if any two of these quantities are
known, then the third can be calculated), a constraint must be imposed on the
model parameters to obtain the estimates. Different estimates will be obtained
under different constraints; thus, the individual birth-cohort effects do not nec-
essarily have an interpretation in terms of relative risk. Changes in the slope of
the birth-cohort effect curves are, however, independent of the constraint em-

ployed and, thus, can be identified unequivocally, indicating changes in the
birth-cohort risk of lung cancer. The estimates were obtained under the con-
straint that the final birth-cohort effect (i.e., for the 1971 birth cohort for whites
and for the 1965 birth cohort for blacks) is zero. The last two birth-cohort effects,
including the final constrained birth-cohort effect, are not plotted. Each 4-year
birth cohort is identified by the third year (e.g., the 1950 birth cohort refers to
people born from 1948 through 1951, with 75% born in 1949 or 1950 and 25%
born in 1948 or 1951).
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white males, 0.054 (P<.0001; 95% CI � 0.032 to 0.076) for
white females, 0.027 (P � .11; 95% CI � −0.006 to 0.060) for
black males, and 0.027 (P � .14; 95% CI � −0.008 to 0.062)
for black females. The 2-year age-specific rates for white males
and females are plotted by year of birth in Fig. 2. The increased
birth-cohort slope in 1950 can be seen in a slowing of the decline
in the rates after 1950 in almost all age intervals, demonstrating
that the increased birth-cohort slope is not an artifact of the
model fitting (e.g., certain interactions, such as increases or de-
creases in the calendar-period slope with increasing age inter-
vals, can give the appearance of a change in the birth-cohort
slope in log-linear modeling). There are indications of a short
period of declining birth-cohort risk after 1960 for whites.

Fig. 3 shows rates of smoking initiation for cigarettes and
marijuana in children 12–17 years of age (20) as well as the
percentage of high school seniors who reported smoking ciga-
rettes daily (21). Teenage smoking trends were similar for males
and females. The initiation rates show increases from 1965 to the
late 1970s and short-term decreases beginning in the late 1970s.
The percentage of high school seniors who smoked daily de-
creased after 1977, with only a short-term decrease in whites, but
the percentage increased around 1992 for both whites and
blacks, with a sharper increase in whites.

Estimates of the calendar period effects by race and sex are
shown in Fig. 4. Increasing linear trends have been removed (22)
from the calendar-period effect curves for females (the calendar-
period effects increased 0.024 per year for both white and black
females) so that the male and female curves can be plotted on
similar scales. Calendar-period mortality decreased sharply
around 1990, and the decrease was quantified by use of the

identifiable parameter centered on the 1990–1991 calendar pe-
riod defined by

(3�1996–1997 + �1994–1995 − �1992–1993 − 3�1990–1991)
− (3�1990–1991 + �1988–1989 − �1986–1987

− 3�1984–1985),

where the �js denote the calendar-period effects. A negative
value for this parameter denotes that the slope of the calendar-
period risk curve decreased around 1990, indicating an improve-
ment in the calendar-period trend for lung cancer mortality after
1990. The magnitude of the decrease in slope can be estimated
by dividing the parameter by 20. The estimates of the change in
calendar-period slope (per year) are −0.012 (95% CI � −0.014
to −0.010) for white males, −0.013 (95% CI � −0.016 to
−0.010) for white females, −0.021 (95% CI � −0.029 to
−0.013) for black males, and −0.019 (95% CI � −0.028 to
−0.010) for black females (P<.0001 for all four contrasts). Ex-
amination of age-specific rates (data not shown) indicates that
the calendar-period decrease in slope is apparent primarily in
people 55 years of age and older, and age–period–cohort analy-
ses of Surveillance, Epidemiology, and End Results (SEER)1

incidence rates (data not shown) indicate a similar decrease in
calendar-period slope around 1990 for white and black men and
women.

DISCUSSION

The moderation in the rate of decrease of the birth-cohort
trend in lung cancer risk after 1950 was unexpected on the basis
of previous age–period–cohort analyses of U.S. lung cancer

Fig. 2. Age-specific lung cancer mortality rates by 2-year age intervals from 26–27 years of age through 48–49 years of age for white men and women in the United
States plotted against birth cohort. Birth cohorts are identified as in Fig. 1.
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rates and on the basis of overall decrease in smoking prevalence
in recent decades. The birth-cohort pattern after 1950 is deter-
mined by lung cancer trends in people under the age of 45 years
and, thus, may reflect the smoking patterns of teenagers and
young adults. Indeed, the data showing an increase in smoking
initiation from 1965 through 1977 in children 12–17 years of age
and a short-term decrease in smoking in white high school se-
niors after 1977 are consistent with the observed pattern of birth-
cohort risk after 1950. Teenage smoking data relevant to the
increase in birth-cohort risk around 1950 are incomplete. In
particular, it cannot be determined whether the increase in teen-
age smoking before the late 1970s (Fig. 3) represented a change
from the teenage smoking trends before 1965. Nonetheless, the
increase in birth-cohort risk of lung cancer mortality around
1950 may reflect a failure of widespread tobacco control efforts
by governmental and private health agencies in the 1960s (12) to
penetrate the cultural and social factors that influenced smoking
onset in children (23–26).

It is possible that marijuana smoking contributed to the birth-
cohort pattern of risk after 1950. Marijuana smoke contains
many of the same carcinogens found in cigarettes, and marijuana
smoke condensate is carcinogenic in experimental animal sys-
tems (27,28). Accumulating evidence from studies of histopath-
ologic and molecular changes in lung tissue of smokers suggests
that marijuana smoking could increase the risk of lung cancer in
humans (29–31), although an epidemiologic study (32) demon-
strated no increased lung cancer risk for smoking marijuana,
despite a statistically significant increase in lung cancer risk for
smoking cigarettes. If marijuana smoking causes lung cancer, it

is possible that increased smoking of marijuana by teenagers and
young adults in the 1960s and 1970s contributed to the birth-
cohort increase in lung cancer mortality around 1950. Trends in
first use of marijuana for ages 12–17 years were quite similar to
those for cigarette smoking (Fig. 3). Regardless of the relative
contributions of cigarette smoking and marijuana smoking to
lung cancer risk, the sharp increase in use of both cigarettes and
marijuana since 1991 among teenagers will likely be reflected
by an increase in the birth-cohort slope for lung cancer risk for
people born around 1975.

Although the peaks of the birth-cohort effect curves for men
and women appear to have occurred at approximately the same
time (Fig. 1), peaks of birth-cohort effect curves are not identi-
fiable (i.e., the location of a peak is not determined uniquely) in
age–period–cohort analyses (see legend to Fig. 1) (16). Age–
cohort analyses show that the peak birth-cohort risk occurred in
1923 for men and in 1931 for women (data not shown), consis-
tent with the earlier use of cigarettes by men (5–7,12).

There were no dramatic improvements in lung cancer treat-
ment that could explain the calendar-period decrease in mortal-
ity rates around 1990. Five-year relative survival rates from
1974–1976 to 1989–1996 increased in whites, but only from
12.5% to 14.4%, and decreased in blacks from 11.5 % to 11.3%
[Table XV-7 in (33)]. Moreover, decreases in the slopes of in-
cidence rate curves were observed in white and black men and
women around 1990 [Fig. XV-5 in (33)], which suggests that the
mortality decrease is a result of a decrease in lung cancer risk,
not of an improvement in survival. Although changes in the
prevalence of risk factors usually alter the pattern of risk seen

Fig. 3. Cigarette and marijuana smoking rates in teenagers. Left panel: rates of
initiation of smoking cigarettes and of smoking marijuana between the ages of
12 and 17 years from the National Household Survey on Drug Abuse conducted
by the Substance Abuse and Mental Health Services Administration (20). The
numerator of the initiation rate is the number of people smoking for the first time

in a given year; all first-time smokers are assumed to have begun smoking in the
middle of the year in the calculation of person-years. Right panel: daily ciga-
rette smoking prevalence rates for high school seniors in the United States from
an annual survey of a nationally representative sample of high school seniors
conducted by the University of Michigan Institute for Social Research (21).
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among birth cohorts, a substantial decrease in a relatively com-
mon carcinogenic exposure could cause a calendar-period de-
crease in risk after a sufficient latency period. Cigarette smoking
affects both early and late stages of the carcinogenic process
(34–37). The effect of reducing tobacco carcinogen exposure on
the late stage will be seen soon after the change in exposure.
Thus, the generally convex shape of the calendar-period effect
curves from 1970 through 1990 (Fig. 4) likely reflects the impact
of the steadily improving trends in both carcinogen exposure
from cigarettes (evidenced by the sharp decline in tar and nico-
tine yield) and smoking cessation over the study period (Fig. 5)
on the late-stage event. In contrast, the effect of reducing to-
bacco carcinogen exposure on the initiation event will not be
observed for decades. The largest decreases in tar and nicotine
yield and increases in smoking cessation rates occurred in the
1960s and 1970s. The sharp decline in calendar-period risk
around 1990 may reflect the impact on the initiation stage of the
decrease in tobacco carcinogen exposure and the increase in
smoking cessation beginning around 1960; if so, the impact
became manifest only after a latency period of approximately 30

years. The decrease in rates was seen primarily in people old
enough (i.e., at least 55 years of age in 1990) to have smoked the
high-tar cigarettes for a sufficient duration to show markedly
increased lung cancer risk (36). If the 1990 calendar-period de-
crease reflects the rapid decreases in cigarette carcinogen expo-
sure and increases in smoking cessation between 1960 and 1980,
then this calendar-period decrease should continue unabated un-
til at least 2010.

Although caution is warranted in making inferences on the
basis of statistical modeling, both the increase in birth-cohort
slope in 1950 and the decrease in calendar-period slope in 1990
are evident in plots of age-specific lung cancer rates, indicating
that neither change in slope is an artifact of modeling. Age-
specific rate curves are remarkably parallel, indicating that there
are no major interactions that would complicate interpretation of
the age–period–cohort analyses. Speculation about factors caus-
ing the changes in lung cancer trends is based on evaluation of
population trends in smoking-related factors; as with any such
inferences based on grouped data, the possibility of an ecologic
fallacy must be considered (40). Cigarette smoking is the pre-

Fig. 4. Maximum likelihood estimates of calendar-period effects for age–period–
cohort analyses of lung cancer mortality data for white and black men and
women in the United States. Because of the linear relationship between year of
birth, year of death, and age at death (i.e., if any two of these quantities are
known, then the third can be calculated), a constraint must be imposed on the
model parameters to obtain the estimates. Different estimates will be obtained
under different constraints; thus, the individual calendar-period effects do not

necessarily have an interpretation in terms of relative risk. Changes in the slope
of the calendar-period effect curves are, however, independent of the constraint
employed and, thus, can be identified unequivocally, indicating changes in the
calendar-period risk of lung cancer. The estimates were obtained under the
constraint that the final birth-cohort effect is zero. Each 2-year calendar period
is identified by the first year (e.g., 1990 refers to deaths in 1990 or 1991).

Journal of the National Cancer Institute, Vol. 93, No. 4, February 21, 2001 CANCER SURVEILLANCE SERIES 281



dominant cause of lung cancer, however; thus, the changes noted
in the lung cancer trend likely have their explanation in changing
exposure to cigarette carcinogens. As noted earlier, lung cancer
trends over the next decade will provide empiric evidence to
either support or contradict the suggested explanations for both
slope changes highlighted in this article.

Our study suggests that there may be a rather rapid effect of
teenage smoking on lung cancer risk in some people under the
age of 45 years and demonstrates that accurate survey data on
smoking in children are essential to understanding trends in
smoking-related diseases. Thus, continued support should be
provided to ongoing national surveys that provide data on teen-
age smoking. The current trend of teenage smoking is disturbing
(13,21,41). Our results suggest that increases in teenage smoking
prevalence will lead to increased lung cancer risk for people in
their 20s and 30s. This could provide additional incentive to
prevent teenage smoking by providing evidence that the harmful
effects of smoking occur earlier in life than most teenagers may
realize.
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NOTES
1Editor’s note: SEER is a set of geographically defined, population-based,

central cancer registries in the United States, operated by local nonprofit orga-
nizations under contract to the National Cancer Institute (NCI). Registry data are
submitted electronically without personal identifiers to the NCI on a biannual
basis, and the NCI makes the data available to the public for scientific research.
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